Objectives: Narrow-diameter implants (NDI) are claimed to be a reasonable alternative to bone augmentation procedures. The aim of this comprehensive literature review was to conduct a meta-analysis comparing the implant survival of NDI and standard diameter implants (SDI) and to provide recommendations and guidelines for application of NDI.
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SCHIEGNITZ aNd aL-NaWaS flow of information through the different phases of the review process ( Figure 1 ).
| Risk of bias/quality assessment
The quality of the included articles in quantitative synthesis was evaluated as described before (Vignoletti et al., 2012; Willenbacher, Al-Nawas, Berres, Kammerer & Schiegnitz, 2016) . With this technique, the quality of the included studies was classified according to the Cochrane statements, the CONSORT statements, the MOOSE statement and the STROBE statements. In this way, the studies were checked for the following six criteria: randomization, blinding of the patient and/or the examiner, definition of inclusion and exclusion criteria, selection of a representative population group (at least 20 patients overall and 10 patients in each group), reporting of the follow-up and reasons for dropout and identical treatment between groups except for the intervention ( Table 2 ). As blinding of the patient and/or the examiner is nearly impossible in surgical implant studies, this point was described as not applicable. Studies fulfilling all of the above-mentioned criteria were then categorized with a low potential risk of bias. Studies in which one of the criteria did not match were described as having a moderate risk of bias and studies where two or more of the criteria were missing were as having a high potential risk of bias. "small diameter dental implants" "narrow-diameter dental implants" "narrow dental implants" "small dental implants" "diameter dental implants" "mini-implants" and to create the forest plots and funnel plots. Funnel plots are a scatterplot of treatment effect (x-axis) against a measure of study precision (y-axis) (Egger, Davey Smith, Schneider & Minder, 1997) .
| Statistical analysis
The overall estimated effect was categorized as significant where p < 0.05.
| RE SULTS

| Study selection and study characteristics
A total of 5845 records were identified through the electronic search and manual search (Figure 1 ). 
| Quality assessment/risk of bias
Quality assessment showed a huge variety across the included studies in quantitative analysis (Table 2) . Three studies showed a low potential risk of bias, two studies a moderate risk of bias and 11 studies a high potential risk of bias ( Figure 2 ). Therefore, a high risk of bias for the included literature was seen. This has to be kept in mind when interpreting the results of the review.
3.3 | Implant survival, implant success and marginal bone level
| Category 1
The most prevalently used implant type in Category 1 was one-piece implant with a diameter between 1.8 and 2.4 mm ( Table 6 ). Mean follow-up was 34 ± 20 months and ranged between 12 and 78 months (Table 3) . Mean survival rate was 94.7 ± 5% (range 80%-100%). The most frequently described indications were the edentulous arch and single non-load-bearing teeth in the anterior region. Types of final restorations were mainly complete overdentures. Most of the studies reported survival rates; only one study indicated an implant success rate of 92.9%. Mean marginal bone loss ranged from 0.6 mm to 1.43 mm. Regarding the applied surgical protocol, procedures ranged from minimally invasive transmucosal implant insertion to the raising of a full-thickness flap. Most of the studies described an immediate loading protocol for the overdenture. Regarding the secondary outcome criteria oral health-related quality, several clinical studies showed an increase in terms quality of life after treatment with NDI of Category 1 (Elsyad, 2016; Enkling, Saftig, Worni, Mericske-Stern & Schimmel, 2017; Preoteasa, Imre & Preoteasa, 2014) .
| Category 2
In Category 2, 17 of 19 studies investigated SDI with a diameter of 3.0 mm (Table 6 ). Mean follow-up was 29 ± 17 months (range 12 to 63 months), and mean survival rate was 97.3 ± 5% (range 80.5%-100%). The leading indication and the mainly used final restorations for these implants were single-tooth restoration in the anterior region. Implant success rates were described in three studies and constituted 100%. The included studies indicated a mean marginal bone loss between 0.09 mm and 1.6 mm.
Concerning the secondary outcome criteria of oral health-related quality of life, none of the investigated studies addressed this point.
| Category 3
In Category 3, the most prevalent implant type was of two-piece design with a diameter of 3.3 mm (Table 6 ). Analysis of the included studies indicated a mean survival rate of 97.7 ± 2,3%
(range 91% to 100%) after a mean follow-up of 39 ± 24 months (range 12-109 months). There were several studies representing long-term survival for NDI of category 3 (Arisan, Bolukbasi, Ersanli & Ozdemir, 2010; Hasegawa et al., 2017; Mangano et al., 2014; Romeo et al., 2006; Schiegnitz et al., 2016) . The indications were often imprecisely defined, but also included the load-bearing posterior region. Types of final restorations were mixed. Implant success rates ranged between 91.4% and 100%. Mean marginal bone loss ranged from 0.1 mm to 2.17 mm. As in Category 2, the secondary outcome criteria oral health-related quality of life was not evaluated.
| Meta-analysis of implant survival of NDI vs. implant survival of SDI 2
Meta-analysis showed a significant difference in implant sur- Begg and Mazumdar's funnel plot for this meta-analysis is displayed in Figure 8 . When interpreting these results of the meta-analysis, the Forrest plots show that the effects among most of the categories are driven mostly by one study and the confidence intervals are large for most of the analyses due to the paucity of events and heterogeneity of study design and outcome measure. Therefore, drawing definite conclusions out of these data is not recommended.
| D ISCUSS I ON
Patient preference for minimally invasive treatment options such as rehabilitation without bone augmentation is generally high (Pommer et al., 2014) . Therefore, the aim of this systematic review was to perform a meta-analysis comparing the implant survival of NDI and SDI. NDI were classified into Category 1 (<3.0 mm, "mini-implants"), Category 2 (3.00-3.25 mm) and Category 3 (3.30-3.50 mm) as described before (Klein et al., 2014) . Quality assessment of the included studies showed an enormous variety, as prospective randomized studies were rare. In addition, survival follow-up times showed a wide variation. Reasons for implant failures and implant success were missing in most of the included studies.
Therefore, that the best possible available external evidence evaluated has a high risk of bias compared to other reviews that include only randomized studies should be kept in mind when considering the results of this review.
According to the results of our meta-analysis, the mean survival rates of NDI of Category 1 were promising (94.7 ± 5%).
However, this is significantly lower than the survival rates of SDI.
These results may not be surprising, as these mini-implants were generally inserted in highly atrophic edentulous jaws that repre- In a recent systematic review, the use of mini-implants to retain complete overdentures was examined (Lemos et al., 2017) . The results showed a similar survival rate of 92.32% after a mean follow-up time of 30 months for the mini-implants. Marginal bone loss values were described in the majority of the studies below 1.5 mm. Regarding patient-centered outcomes, several clinical studies illustrated an increase in terms of aesthetics, satisfaction and quality of life after rehabilitation treatment with minidental implants (Aunmeungtong, Kumchai, Strietzel, Reichart & Khongkhunthian, 2017; Elsyad, 2016; Enkling et al., 2017; Preoteasa et al., 2014) . In conclusion, application of a minimum of 4 or 6 mini-implants in mandibular or maxillary arches for retaining overdenture prostheses is considered a promising alternative treatment when insertion of SDI is due to extreme bone atrophy is not possible (Bidra & Almas, 2013; Lemos et al., 2017) . Due to the one-piece design, most of the studies reported immediate restoration and immediate loading protocols. Regarding the suitable retention system (e.g., bar, ball or locator), there is no strong evidence for the superiority of one system over the others regarding patient satisfaction, survival, peri-implant bone loss and other clinical factors (Carlsson, 2014; Laverty, Green, Marrison, Addy & Thomas, 2017) .
Regarding NDI of Category 2, mean implant survival was 97.3 ± 5% after a mean follow-up of 29 ± 17 months. Meta-analysis indicated comparable implant survival between NDI of Category 2 and SDI. These NDI were mainly inserted to replace the maxillary lateral or mandibular incisor teeth. These sites often present limited interdental space or a thin alveolar crest. Placing an implant too close to the adjacent teeth may result in loss of proximal bone height, which can negatively influence the final position of the papillae and supracrestal soft tissues (King et al., 2016; Tarnow, Cho & Wallace, 2000) . Therefore, in evaluating anterior single-tooth restorations, aesthetic outcome and stability of peri-implant soft tissues are the main foci of interest besides implant survival. However, these outcome parameters were seldom assessed. Pieri, Siroli, Forlivesi & Corinaldesi, (2014) showed high mean pink aesthetic scores and stable facial soft tissues after a follow-up of 3 years. King et al., (2016) indicated stable soft tissues and clinically insignificant changes in probing depth and gingival zenith stores. These promising results should be confirmed by larger multicenter studies. Regarding the surgical protocol and the loading protocol, there were insufficient data in the included studies to recommend the superiority of one of the protocols. TA B L E 3 Summary of included studies of Category 1, continuation of Klein et al. (2014) [In PDF format, this 
TA B L E 3 (additional columns)
TA B L E 4 Summary of included studies of Category 2, continuation of Klein et al. (2014) [In PDF format, this Studies included in meta-analysis are highlighted with bold characters; MAX, maxilla; MAN, mandible; ND, no data available or data cannot be separated; PS, prospective study; RS, retrospective study; RCT, randomized controlled trial. I, Category 1 (narrow diameter implants); II, Category 2 (narrow diameter implants); C, Control (standard diameter implants). 
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SCHIEGNITZ aNd aL-NaWaS TA B L E 5 Summary of included studies of Category 3, continuation of Klein et al. (2014) [In PDF format, this Caution in the use of NDI has been recommended in posterior regions because of concerns regarding reduced osseointegration surface, an increased probability of fracture compared with SDI and disadvantageous peri-implant crestal bone resorption due to stress values affecting the crestal cortical bone, which are reciprocal to the implant diameter (Pieri, Forlivesi, Caselli & Corinaldesi, 2017 
ND
Studies included in meta-analysis are highlighted with bold characters; MAX, maxilla; MAN, mandible; ND, no data available or data cannot be separated; PS, prospective study; RS, retrospective study; RCT, randomized controlled trial. I, Category 1 (narrow diameter implants); II, Category 2 (narrow diameter implants); C, Control (standard diameter implants).
TA B L E 5 (Continued) [In PDF format, this more precisely the described indications in the recent literature.
However, due to the high risk of bias and heterogeneity in the included studies, further clinical studies have to prove the long-term success of NDI.
Category 1: Implants with a diameter of < 2.5 mm ("mini-implants"), described mostly for the highly atrophic edentulous arch and for single non-load-bearing teeth in the frontal region.
Category 2: Implants with a diameter of 2.5 mm to <3.3 mm, described mostly for single-tooth restoration in the anterior region (mainly to replace the maxillary lateral or mandibular incisor teeth).
Category 3: Implants with a diameter of 3.3 mm to 3.5 mm, described for all regions, including posterior single-tooth restorations.
To date, most implants of category 1 are one-piece implants. Onepiece implants with a diameter of more than 3.0 mm are rarely described in the literature. 
| CON CLUS ION
